(Our Ref :US-15P249) 
IMAGE SIGNAL PROCESSING APPARATUS AND METHOD AND 

IMAGE DISPLAY APPARATUS AND METHOD 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an image signal 
processing apparatus and method and an image display 
apparatus and method. In particular, the invention 
is suitably applied to various display apparatus such 
as EL displays, plasma displays, and electron beam 
emission type fluorescent displays. 
Description of the Related Art 

Fig. 15 shows the configuration of a 
conventional display apparatus, more specifically, a 
spontaneous light emission type image display 
apparatus having pixels each being a combination of 
an electron-emitting element and a light emitter 
(phosphor) that emits light as it receives electrons 
from the electron-emitting element. 

The conventional display apparatus is mainly 
composed of a display panel 1, a scanning driving 
unit 2, a modulation driving unit 3, a sync 
separation unit 4, an AD converter 5, a control unit 
6, and an image processing unit 7. The control unit 
6 is a microcomputer, a logic circuit, or the like. 

The display panel 1 displays an image using 
surface conduction electron-emitting elements. Row 



scan-wiring lines Dxl-Dxm and column modulation lines 
Dyl-Dyn are arranged in matrix form, and electron- 
emitting elements (not shown) are located at their 
crossing points. As such, the display panel 1 is 
equipped with m-row/n-column electron-emitting 
elements. Each electron-emitting element, which 
emits electrons while a current flows through it, has 
a nonlinear characteristic as shown in Fig. 16. For 
example, whereas electrons are emitted when a voltage 
16 V is applied to the element, almost no electrons 
are emitted when a voltage 8 V is applied to it. 
Emitted electrons are accelerated by an accelerating 
means (not shown) and collide with a phosphor screen 
(not shown) to cause light emission. That is, 
although the element emits light when supplied with 
16 V, it does not emit light when supplied with 8 V, 
that is, a half of the former voltage. Therefore, as 
shown in Fig. 17, this enables passive matrix driving. 

The scanning driving unit 2 is composed of 
changeover switches 22, a selection potential 
generation unit 23, and a non- selection potential 
generation unit 24. 

The modulation driving unit 3 is composed of a 
shift register 31, a latch 32, a pulse width 
modulation circuit 33, and a drive amplifier 34. 

Reference symbol Si denotes an analog video 
signal that is input to the apparatus. Reference 



symbol S2 denotes a sync signal that is separated 
from the analog video signal SI- Reference symbol S3 
denotes a digital video signal obtained by sampling 
the analog video signal Si with the AD converter 5. 
Reference symbol S4 denotes a display signal obtained 
by performing image processing on the digital video 
signal obtained S3. Reference symbol S5 denotes a 
conversion timing signal that is supplied to the AD 
converter 5. Reference symbol S6 denotes an image 
processing control signal to be used for controlling 
the signal processing unit 7. Reference symbol S7 
denotes a video clock signal to be used for 
controlling the operation of the shift register 31. 
Reference symbol S8 denotes a modulation control 
signal to be used for controlling the operation of 
the modulation driving unit 3. Reference symbol S9 
denotes a PWM clock as a reference of operation of 
the pulse width modulation circuit 33. Reference 
symbol S10 denotes a scanning control signal to be 
used for controlling the operation of the scanning 
driving unit 2 . 

The sync signal S2 that is extracted by the sync 
separation unit 4 from the analog video signal SI 
that is input to the apparatus is input to the 
control unit 6. 

The control unit 6 generates the control signals 
S5-S10 on the basis of the sync signal S2. 



The AD converter 5 samples the analog video 
signal SI according to the conversion timing signal 
S5 and outputs the digital video signal S3. 

The image processing unit 7 input the digital 
video signal S3 performs image processing such as 
image adjustments and a resolution conversion on the 
digital video signal S3, and outputs the display 
signal S4 . 

The operation that the scanning driving unit 2 
and the modulation driving unit 3 drive the display 
panel 1 will be described below. Fig. 18 shows 
timing of this operation. 

In the modulation driving unit 3, data of the 
display signal S4 are sequentially input to the shift 
register 13 in synchronism with the video clock 
signal S7 and display data are held by the latch 14 
in response to a LOAD signal of the modulation 
control signal S8. The pulse width modulation 
circuit 33 generates pulse signals whose lengths 
correspond to the data that are held by the latch 32 
using the PWM clock S9 as a reference in response to 
a START signal of the modulation control signal S8 . 
The voltage of the pulse signals is amplified to Vm 
by the drive amplifier 34 and the modulation lines 
Dyl-Dyn of the display panel 1 are driven by the 
amplified pulse signals. 

With the above operation, the content of the 
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input video signal Si is displayed on the display 
panel 1 . 

OBJECT AND SUMMARY OF THE INVENTION 

In general, bright pictures are preferred in 
image display apparatus, particularly in consumer 
apparatus. However, in consumer apparatus, the cost 
requirement is always high and hence it is always 
necessary to reduce the cost. On the other hand, the 
quality of a displayed image, particularly the 
sharpness, is an important factor as a index of the 
performance of an image display apparatus. 

The present invention has been made in view of 
the above circumstances, and an object of the present 
invention is therefore to provide a bright, high- 
image-quality image display apparatus at a low cost. 

To attain the above object, the present 
invention employs the following means. 

A first aspect of the present invention provides 
an image signal processing apparatus to be used for 
an image display apparatus provided with a display 
panel having scan-wiring lines, modulation lines, and 
display elements that are driven via the scan-wiring 
lines and modulation lines; a scanning circuit for 
supplying scanning signals to the scan-wiring lines 
according to such a scanning method as to select a 
plurality of adjoining scan-wiring lines 
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simultaneously in each selection period while 
changing the set of scan-wiring lines to be selected 
simultaneously so that the same scan-wiring line is 
selected two or more times in each frame; and a 
modulation circuit for supplying modulation signals 
to the modulation lines, wherein the image signal 
processing apparatus comprises filter means for 
performing, on received image data, signal processing 
for compensating for a reduction in resolution in a 
vertical scanning direction that is caused by the 
scanning method of the scanning circuit, and for 
supplying resulting image data to the modulation 
circuit; and a normalized vertical spatial frequency 
response characteristic of the filter means satisfies 
0 dB < Gl < +6 dB, where Gl is a gain at a spatial 
frequency corresponding to 1/2 of a vertical critical 
resolution of the display panel. 

In the first aspect of the present invention, it 
is preferable that the normalized vertical spatial 
frequency response characteristic of the filter means 
satisfies G2 > +3 dB, where G2 is a gain at a spatial 
frequency corresponding to 7/10 of the vertical 
critical resolution of the display panel. 

A second aspect of the present invention 
provides an image display apparatus comprising a 
display panel having scan-wiring lines, modulation 
lines, and display elements that are driven via the 
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scan-wiring lines and modulation lines; a scanning 
circuit for supplying scanning signals to the scan- 
wiring lines according to such a scanning method as 
to select a plurality of adjoining scan-wiring lines 
simultaneously in each selection period while 
changing the set of scan-wiring lines to be selected 
simultaneously so that the same scan-wiring line is 
selected two or more times in each frame; a 
modulation circuit for supplying modulation signals 
to the modulation lines; and filter means for 
performing, on received image data, signal processing 
for compensating for a reduction in resolution in a 
vertical scanning direction that is caused by the 
scanning method of the scanning circuit, and for 
supplying resulting image data to the modulation 
circuit, wherein a normalized vertical spatial 
frequency response characteristic of the image 
display apparatus satisfies -3 dB < Rl < +3 dB, where 
Rl is a response at a spatial frequency corresponding 
to 1/2 of a vertical critical resolution of the 
display panel. 

In the second aspect of the present invention, 
it is preferable that the display panel comprise 
electron-emitting elements as display elements 
located at crossing points of the scan-wiring lines 
and the modulation lines, and a phosphor that emits 
light when electrons emitted from the electron- 
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emitting elements collide with it. Moreover, the 
electron-emitting elements may be selected from 
various kinds such as FE electron-emitting elements. 
It is particularly preferable that the electron- 
emitting elements be surface conduction electron- 
emitting elements . 

A third aspect of the invention provides an 
image signal processing method for processing image 
signals to be supplied to an image display apparatus 
having a modulation circuit for supplying modulation 
signals to modulation lines of a display panel and a 
scanning circuit for supplying scanning signals to 
scan-wiring lines of the display panel in such a 
manner as to select a plurality of adjoining scan- 
wiring lines simultaneously in each selection period 
while changing the set of scan-wiring lines to be 
selected simultaneously so that the same scan-wiring 
line is selected two or more times in each frame, the 
image signal processing method comprising a filtering 
step of performing, on received image data, signal 
processing for compensating for a reduction in 
resolution in a vertical scanning direction that is 
caused by the scanning circuit, and supplying 
resulting image data to the modulation circuit, 
wherein a normalized vertical spatial frequency 
response characteristic of the filtering step 
satisfies 0 dB < Gl < +6 dB, where Gl is a gain at a 
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spatial frequency corresponding to 1/2 of a vertical 
critical resolution of the display panel. 

In the third aspect of the invention, it is 
preferable that the normalized vertical spatial 
frequency response characteristic of the filtering 
step satisfy G2 > +3 dB, where G2 is a gain at a 
spatial frequency corresponding to 7/10 of the 
vertical critical resolution of the display panel. 

A fourth aspect of the invention provides an 
image display method using an image display apparatus 
having a scanning circuit for supplying scanning 
signals to scan-wiring lines of a display panel and a 
modulation circuit for supplying modulation signals 
to modulation lines of the display panel, the image 
display method comprising a scanning step of causing 
the scanning circuit to select a plurality of 
adjoining scan-wiring lines simultaneously in each 
selection period while changing the set of scan- 
wiring lines to be selected simultaneously so that 
the same scan-wiring line is selected two or more 
times in each frame; and a filtering step of 
performing, on received image data, signal processing 
for compensating for a reduction in resolution in a 
vertical scanning direction that is caused by the 
scanning step, and supplying resulting image data to 
the modulation circuit, wherein a normalized vertical 
spatial frequency response characteristic of the 



image display apparatus satisfies -3 dB < Rl < +3 dB, 
where Rl is a response at a spatial frequency 
corresponding to 1/2 of a vertical critical 
resolution of the display panel. 

DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the 
configuration of a display apparatus according to the 
present invention; 

Fig. 2 is a timing chart of overlap scanning 
according to the present invention; 

Fig. 3 is a conceptual chart of a conventional 
driving method; 

Fig. 4 is a conceptual chart of an overlap 
scanning mode; 

Fig. 5 is a graph of a calculated vertical 
spatial frequency response characteristic of the 
overlap scanning mode; 

Fig. 6 shows a measurement system of a vertical 
spatial frequency response characteristic; 

Fig. 7 shows an exemplary signal waveform 
produced by the measurement system of Fig. 6; 

Fig. 8 is a graph showing calculated and 
measured vertical spatial frequency response 
characteristics of the overlap scanning mode; 

Fig. 9 shows the configuration of a 3-tap 
vertical filter; 
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Fig. 10 is a graph showing characteristics of 
exemplary 3-tap vertical filters; 

Fig. 11 is a graph showing vertical spatial 
frequency response characteristics of the overlap 
scanning mode as compensated by using the 3-tap 
filters of Fig. 10; 

Fig. 12 is a schematic diagram illustrating the 
configuration of a 7-tap vertical filter; 

Fig. 13 is a graph showing a characteristic of 
an exemplary 7-tap vertical filter; 

Fig. 14 is a graph showing a vertical spatial 
frequency response characteristic of the overlap 
scanning mode as compensated by using the 7-tap 
filter of Fig. 13; 

Fig. 15 is a block diagram of a conventional 
display apparatus ; 

Fig. 16 is a graph showing a characteristic of 
an electron-emitting element; 

Fig. 17 is a schematic diagram illustrating 
passive matrix driving; and 

Fig. 18 is a conventional timing chart. 

DETAILED DESCRIPTION OF THE INVENTION 
( Embodiment 1 ) 

Fig. 1 shows the configuration of an image 
display apparatus according to a first embodiment of 
the present invention. 
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The image display apparatus is mainly composed 
of a display panel 1, a scanning driving unit 2, a 
modulation driving unit 3, a sync separation unit 4, 
an AD converter 5, a control unit 6, an image 
processing unit 7, and a vertical filter unit 8. 
Components and signals in Fig. 1 having the same 
components and signals in the conventional image 
display apparatus of Fig. 15 are given the same 
reference symbols as the latter and will not be 
described. In this embodiment, the electron-emitting 
element of the display panel 1 may be a surface 
conduction electron-emitting element, an FE electron- 
emitting element, an MIM electron-emitting element, 
or some other proper electron-emitting element. The 
structure of each pixel is not limited to a 
combination of the electron-emitting element and a 
light emitter (phosphor) that emits light as it 
receives electrons from the electron-emitting element. 
That is, the display panel 1 may also be an organic 
EL device, an inorganic EL device, a plasma light- 
emitting device, or the like. 

The vertical filter unit 8 as a filter means 
performs filtering processing (described later) on a 
signal that is output from the image processing unit 
7, and outputs a resulting signal as a display signal 
S4 . 

A driving method of the display panel 1 may be 
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such that two (or more) of the scan-wiring lines Dxl- 
Dxm are rendered active (i.e., selected) 
simultaneously, whereby two pixels that are located 
on the two scan-wiring lines and belong to the same 
column receive the same drive voltage pulse and emit 
light. This makes it possible to increase the 
luminance of an image displayed on the display panel 
1. Fig. 2 shows timing for such driving. In a first 
horizontal scanning period, a scanning selection 
potential VI is supplied to the scan-wiring lines Dxl 
and Dx2 simultaneously. Therefore, the pixels 
corresponding to two scan-wiring lines are enabled to 
emit light simultaneously. A scanning non-selection 
potential V2 is temporarily supplied to all the scan- 
wiring lines Dxl-Dxm and the same potential is 
supplied to all the modulation lines Dyl-Dyn, whereby 
the voltage applied to the electron-emitting element 
of every pixel is set zero temporarily. In the next 
horizontal scanning period, the scanning selection 
potential VI is supplied to the scan-wiring lines Dx2 
and Dx3 simultaneously and pixels corresponding to 
two scan-wiring lines are enabled to emit light 
simultaneously. The same operation will be repeated 
thereafter . 

The driving is performed in such a manner that 
each scan-wiring line Dxm is rendered active in two 
consecutive horizontal scanning periods and two scan- 

13 



wiring lines are selected simultaneously in each 
horizontal scanning period. This makes it possible 
to almost double the luminance of an image displayed 
on the display panel 1. This driving method, that is, 
a scanning method in which a plurality of adjoining 
scan-wiring lines are selected simultaneously in each 
selection period and the set of scan-wiring lines 
that are selected simultaneously is changed over time, 
whereby the same scan-wiring line is selected two or 
more times in each frame, will be referred to below 
as "overlap scanning mode . " 

Since as is understood from the above 
description the overlap scanning mode can be realized 
merely by changing the operation timing of the 
scanning driving unit 2 as the scanning circuit of an 
ordinary image display apparatus, it can remarkably 
increase the display luminance of an image display 
apparatus at a low cost. 

On the other hand, it is known intuitively and 
empirically that the overlap scanning mode is 
associated with a problem that the vertical 
resolution of a displayed image lowers. However, it 
has been so far unclear what specific display 
characteristic the overlap scanning mode provides. 

The inventor studied the display characteristic 
of the overlap scanning mode and have revealed it. 
Results of the study will be described below. 
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Fig. 3 is a conceptual chart of a display in a 
case that the display panel 1 is driven by an 
ordinary scanning method. Numbers 1-6 denote 
individual scanning lines and characters a-f denote 
1-line video signals corresponding to the respective 
scanning lines 1-6. 

Fig. 4 shows a display in a case that the 
display panel 1 is driven in the overlap scanning 
mode by using the same original video signal as in 
the case of Fig. 3. The video signals a and b are 
sequentially used for display on the second line and 
the video signals b and c are sequentially used for 
display on the third line. It is seen that the 
constituent elements of each scanning line of the 
ordinary scanning method also appear on the scanning 
line immediately thereunder. The fact that each 
element also appears in an interval that is delayed 
by one unit time is equivalent to execution of low- 
pass filtering having an impulse response (1, 1) in 
the vertical direction. Therefore, for example, the 
overlap scanning mode provides a vertical spatial 
frequency response characteristic shown in Fig. 5 in 
the case of a display panel having 720 vertical 
scanning lines. 

A vertical resolution of a display panel was 
measured. Fig. 6 is a conceptual diagram of a 
measurement system of a vertical spatial frequency 
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response characteristic of a panel. The measurement 
system is composed of a signal generator 41, a panel 
42 to be measured, a video camera 43, a spectrum 
analyzer 44, and an observation monitor 45. 

A vertically periodic waveform (i.e., horizontal 
stripes) generated by the signal generator 41 is 
displayed on the panel 42 to be measured and a 
displayed image is shot by the video camera 43. At 
this time, the video camera 43 is set so as to be 
inclined laterally by 90° from the normal posture. As 
a result, for example, the video camera 43 produces a 
video signal having a horizontal periodic waveform 
(i.e., vertical stripes) as shown in Fig. 7. This 
signal is observed by the spectrum analyzer 44, 
whereby a spectrum corresponding to the periodic 
signal generated by the signal generator 41 is 
obtained. A peak level of the spectrum is employed 
as a response corresponding to the spatial frequency 
generated by the signal generator 41. A vertical 
spatial frequency response characteristic of the 
panel 42 to be measured is obtained by sweeping the 
generation frequency of the signal generator 41 and 
plotting results . 

Fig. 8 compares a vertical spatial frequency 
response characteristic thus measured with the 
calculated characteristic of Fig. 5: a good agreement 
is found. 
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It is concluded from the above measurement 
result that the overlap scanning mode provides a 
vertical spatial frequency response characteristic 
that is equivalent to the characteristic of a 
vertical filter having an impulse response (1, 1) . 

It is considered possible to compensate for 
deterioration in vertical resolution of the overlap 
scanning mode by means of signal processing as in the 
case of an aperture correction circuit for a CRT. 
However, it is difficult to perform optimum 
compensation unless a display characteristic is known. 
Designing of an optimum compensation circuit is now 
possible because the invention has revealed the 
display characteristic of the overlap scanning mode. 

A designing method of a compensation filter that 
is implemented as the vertical filter 8 will be 
described below. 

Spatial frequencies around 1/2 of a vertical 
critical resolution have large visual influence on 
the sharpness. It is therefore desirable that a 
compensated display characteristic be flat in this 
frequency range. Results of subjective evaluations 
etc. have shown that a good display state can be 
obtained if the response of a display panel with 
respect to a video signal is within ±3 dB in a 
vertical resolution range of 0 TV line to 1/2 of the 
vertical critical resolution. 



Where no compensation is made, the vertical 
spatial frequency response characteristic of the 
overlap scanning mode is such that the response at 
the spatial frequency corresponding 1/2 of the 
vertical critical resolution is -3 dB . That is, a 
good display state in which the response at the 
spatial frequency corresponding to 1/2 of the 
vertical critical resolution is within ±3 dB can be 
obtained by subjecting a video signal to high- 
frequency emphasis filtering in which the gain at the 
spatial frequency corresponding to that resolution is 
0 dB to +6 dB. 

It has also been found that an even preferable 
display state can be obtained if the gain of the 
high-frequency emphasis filter at the spatial 
frequency corresponding to 7/10 of the vertical 
critical resolution is +3 dB or higher. 

As for a specific circuit configuration of the 
vertical filter 8 that is used as a filter means 
according to the invention, that is, a high-frequency 
emphasis filter, a 3-tap FIR (finite impulse 
response) filter having a small hardware scale (see 
Fig. 9) is preferable. In this filter, image data 
for a certain pixel, image data for another pixel 
obtained by delaying the above image data by one 
horizontal scanning period, and image data for still 
another pixel that is obtained by delaying the first 
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image data by two horizontal scanning periods are 
multiplied by filter coefficients (impulse resp onse, 
Hn = (hi, h2, h3) and resulting data are added 
together. Naturally, an addition result is subjected 
to normalization processing if necessary. That is, a 
characteristic of the above-mentioned high-frequency 
emphasis filter can be determined by using the filter 
sho„n in Pi,. 9 and 5etting ±ta mter coefficients 
properly. 

A 3-tap high-frequency emphasis filter is 
expressed by an impulse response Hn = (- x /2, i +x , - 
x/2). The three coefficients of filters that are 
suitable for the overlap scanning mode compensation 
are (-0.1, l. 2/ -0.1) where x = 0.2, (-0.2, 1.4, - 
0.2) where x = 0.4, (-0.3, 1.6, -0.3) where x -' 0 .6, 
or the like. Fig. 10 shows frequency characteristics 
of these three filters. 

More specifically, assume that pixel data of a 
certain pixel is represented by b and two pixel data 
that lead and lag that pixel data by one horizontal 
scanning period are represented by a and c, 
respectively, and the filter coefficients are (-0.1, 
1-2, and -0.1), filtered and normalized pixel data b' 
is given by b' = -o.la + 1.2b -0.1c. 

In each of the above three filters, the gain at 
the spatial frequency corresponding to 1/2 (i.e., 
360) of the vertical critical resolution (720) ± a 
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within the range of 0 dB to +6 dB . Further, in each 
of the filters having the respective x values 0.4 and 
0.6, the gain at the spatial frequency corresponding 
to 7/10 of the vertical critical resolution is larger 
than +3 dB. 

Fig. 11 shows vertical spatial frequency 
response characteristics of the overlap scanning mode 
as compensated by using the above filters. It is 
seen that the response at the spatial frequency 
corresponding to 1/2 of the vertical critical 
resolution is within ±3 dB and the characteristics 
are better than without compensation. 

The user may properly determine the filter 
coefficients in the above-described setting ranges so 
as to provide a spatial frequency response 
characteristic in the above-described range. The 
filter coefficients may be set in advance in the form 
of values stored in a storage means such as a ROM or 
a register of the control unit 6. 
Embodiment 2 

Although the 3-tap vertical filter used as the 
compensation filter in the first embodiment is small 
in the amount of hardware and can be implemented 
easily, it has a problem that the degree of freedom 
in designing the characteristic is low. For example, 
if it is attempted to compensate the response at the 
spatial frequency corresponding to 7/10 of the 
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vertical critical resolution, the response at the 
spatial frequency corresponding to 1/2 of the 
vertical critical resolution is influenced by the 
former compensation and thereby overcompensated . The 
present invention can even be applied to a high- 
accuracy application in which such a phenomenon is 
problematic, by using a higher order filter. 

Fig. 12 shows the configuration of a 7-tap 
vertical filter. For example, a filter that is 
configured as shown in Fig. 12 and has filter 
coefficients Hn = (-2, 13, -54, 224, -54, 13, -2) is 
given a frequency characteristic shown in Fig. 13. 
Fig. 14 shows a spatial frequency response 
characteristic of the overlap scanning mode as 
compensated by using this filter. It is seen that 
this spatial frequency characteristic is flatter than 
in the first embodiment. 

The use of a 7th order filter as a compensation 
filter enables higher accuracy compensation though 
the compensation hardware becomes more complex. 
Except for the filter unit, the apparatus has the 
same configuration as in the first embodiment. 

Although the filter coefficients Hn = (-2, 13, - 
54, 224, -54, 13, -2) were mentioned above as 
exemplary filter coefficients, the present invention 
can similarly be implemented by using filters having 
different coefficients . 
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The present invention can be implemented without 
the need for restricting the details of the filter; 
that is, the present invention can similarly be 
implemented by using filters that are different in 
configuration than the filters described in the 
embodiments. Examples of filters that are different 
in configuration are a 5th order filter, a 9th or 
even higher order filter, an even-numbered order 
filter, and an IIR (infinite impulse response) filter. 

The general design theory of the filter used in 
the present invention is known from, for example, 
"Easy-to-Understand Digital Image Processing/' CQ 
Publishing Co., Ltd., third edition published on 
August 30, 1997. 

The above embodiments are directed to the 
overlap scanning mode in which, as shown in Fig. 4, 
in each vertical scanning period, a first line and a 
second line (two lines) are selected simultaneously 
in a first selection period and the second line 
(selected in the first selection period) and a third 
line (not selected in the first selection period) are 
selected simultaneously in the next selection period. 

However, the present invention is not limited 
this method and the following overlap scanning mode 
may be employed. Each frame is divided into two 
vertical scanning periods (i.e., two field scanning 
periods) . In the first field, a first line and a 
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second line (two lines , are ^^^^ simultaneousiy 

« a f irst selection period and a third line and a 
fourth l ine (both ^ ^ ^ 

Period, are selected simultaneously in the next 
selection period. In the second field, the second 
line and the third line ,t„o Unas, are selected 
simultaneously in a first selection period and the 
fourth line and a fifth line are selected 
simultaneously in the next selection period. 

That is, the overlap of scanning lines may occur 
« horizontal scanning periods that are either 
consecutive or not consecutive in time; a 
satisfactory result can be obtained as long as 
overlap occurs in each frame as a result. 

Although the embodiments are directed to the 

display apparatus in which th» 

wmch the scanning is performed 

- such a manner that two lines are selected 

simultaneously with a ™<= . • 

y with a one-line overlap, the present 

xnvention is not lifted to such a case Fo r 

* Lase - For example, 

the present invention can similarly be appl ied to . 

Replay apparatus that employs a scanning method in 

which three or more lines are selected simultaneously 
»ith an overlap of two or, more lines; that is, a 
Plurality of lines are selected simultaneously with 
an overlap of li„ es Q f a number that is a half or 
-re of the number of simultaneously selected lines 
Although the present invention is suitably 



applied to the case that the above scanning method is 
applied to a passive matrix display panel, the 
present invention is not limited to such a case* 
That is, the present invention can also be applied to 
the case of using an active matrix display panel. 

The image display apparatus according to the 
present invention need not always perform scanning in 
the overlap scanning mode. The image display 
apparatus may be such that a scanning mode in which 
one line is selected each time in order is also 
prepared and switching is selectively made between 
the scanning modes according to a user' s selection as 
shown in Fig. 3. 

As described above, the present invention makes 
it possible to produce a good displayed image by 
compensating, in an optimum manner, for a 
deterioration of a vertical spatial frequency 
response characteristic in a middle/high-frequency 
range that is caused by the overlap scanning mode, 
and to thereby provide a bright, high-image-quality 
image display apparatus at a low cost. 
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